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SPECIAL DESIGN FEATURES THE 
YORKTOWN BRIDGE 


Many unique problems were encountered the design the George 
Coleman Memorial Bridge Yorktown, Va. The ultimate solutions these 
problems and brief description the construction the central span are in- 
cluded this paper. 

The design features this structure include the use two swing spans 
tandem, hollow, concrete supporting piers, and steel caissons specially de- 
signed for the construction the piers. Details the substructure and 
superstructure are given, well information the operating features 
the bridge. 


FEATURES 


The three special features the York River Bridge Yorktown, are: 
(1) The lightweight, hollow pier bases that made possible the design tall 
piers with unusually low bearing pressures the bottom, required soil 
conditions; (2) the design the steel caissons used constructing the piers; 
and (3) the use two swing spans placed tandem, each span longer than 
any previous swing span built. 


DESCRIPTION BRIDGE 


The structure, known the George Coleman Memorial Bridge, was 
opened traffic May, 1952. connects Yorktown the south bank 
the York River with Gloucester Point the north bank. Gloucester 
Point the river 2,600 wide—only one quarter the 2-mile width above 
and below the bridge site. The river crossing achieved seven deck truss 
spans completely symmetrical about the center shown Fig. 
Approaches either side consist deck, plate-girder, spans terminating 

Nore.—Writien comments are invited for publication; the last discussion should submitted 
Parsons, Brinckerhoff, Hall Macdonald, Engrs., New York, 
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abutments located the top natural slope the south bank and 
40-ft-high artificial embankment the north side. The total length 
the bridge 3,750 ft. 

the center the channel span, the roadway attains height 115 
above the water means 4.5% grades either side and vertical curve 
1,000 long between them provide ample sight distance for highway safety. 

Normally, each end swing span rests pier abutment, but 
the case the Yorktown Bridge the forward arms the two swing spans pro- 
vide the required 450-ft clear width channel for navigation, and obviously 
the center that channel not the place locate pier. could have 
been placed the shore ends each swing span, but this would have resulted 
span length either side the channel only 250 (which too short 
for economy because the great depth the river and the resulting high cost 
the piers). Moreover, the architects and the structural engineers agreed 
that would have created most unpleasant appearance. 

the length the spans adjacent the channel and permit 
curved bottom chord these spans, the fixed trusses the adjoining spans 
are cantilevered four panels (140 ft) beyond the pier and, the closed position, 


Grade 


Symmetrical About 
Center Line 


720' 


Cc 
2 


North Abutment 


the shore end each swing span rests the end cantilever arm. The 
length each flanking span thus increased from 250 390 ft. 

each side the channel, the next span toward the shore anchor 
span 350 long, and beyond these second cantilever arm long that 
supports one end 210-ft suspended span. Since the shore end the sus- 
pended span rests pier located near the edge the river, the end truss 
spans are 280 long. 

The two-lane roadway 26.0 wide between curbs high. Each curb 
has width 2.5 ft, which sufficient serve emergency sidewalk. 


CONDITIONS AND DESIGN CRITERIA 


Subsurface depths the sites the six river piers vary 
from ft, the average depth being (see Table One more 
borings taken each site showed that the river bed rather soft mud, 
sometimes containing small quantities loose sand. The depth mud 
varies from ft, the bottom the stratum being 110 below 
the water surface. The mud generally underlain sand silt strata, some 
which contain clay and broken shells. The sand predominantly fine 
very fine. Although most the piers are actually founded these strata, 
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the borings—some which were driven depth 200 below the water 
surface—show that the principal material supporting the piers medium 
stiff clay. Fig. illustrates typical boring log. 

Pier Design the resistances driving the sample spoon, and 
the laboratory tests undisturbed samples obtained from borings, led the 
conclusion that the net unit bearing from vertical loads must limited 2.0 
tons per excess that resulting from the weight the existing over- 
burden the depth the bottom the pier base. Since permanent vertical 
loads exert more influence pier settlement than horizontal forces (which are 
generally maximum for only short duration), maximum edge pressure 
3.5 tons per was considered permissible for vertical loads combination 
with horizontal forces tending overturn the piers. 

Obviously under such criteria, the depth penetration the pier base 
into the bed the river becomes variable the design, since most cases 
the depths which the piers are founded exceed the minimum depths re- 
quired for lateral stability against horizontal movement. designed, bear- 
ing pressures (after deducting for the buoyancy the submerged parts the 


Mud Silt, sand, and shells Elevation Material 


fine sand and shells 
green and shells 

clay with shells 

Fine gray sand with shells 

Silt and shells 

Green sand with shells 


pier) not exceed 4.0 tons per for the total direct vertical load. The 
weight the overburden above the bottom the pier base 2.0 tons per 
ft; hence, the net differential direct pressure 2.0 tons per for all vertical 
loads. Horizontal forces (such those from wind the parts the bridge 
above water and river currents below water) increase the edge pressure 
additional 1.8 tons per (maximum). From the total bearing pressure, 
has been considered reasonable deduct 0.3 ton per allowance for 
permanent skin friction the embedded depth the caisson base. This 
equal average unit friction 200 per ft. 

reach stratum capable supporting the net bearing load previously de- 
scribed, piers and were sunk depth 150 below mean tide level 
(Fig. 1). Piers and have been founded and the two piers 
nearest the shores, and 3N, depth 135 ft. Laboratory analyses 
indicate that even the low pressures produced these depths may cause slight 
settlements during the first fifty years the life the bridge. they occur 
all, they will small magnitude, uniform character, and will create 
serious structural maintenance problems. settlements should become 
nuisance the next generation, they will find that their predecessors have 
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made comparatively easy correct for settlement jacking the steel 
superstructure. 
Piers 

rough idea the problem limiting the bearing pressure tons 
per may obtained from considering that the tallest pier 210 high 
(about the height eighteen-story building) and that column concrete 
square and 210 high has bearing pressure more than tons per 
ft. Obviously, solid piers normal stepped and tapered design would not 
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leave much margin for supporting the superstructure, which after all, 


the only function bridge pier. 
Therefore, the pier bases were designed hollow, reinforced concrete boxes, 


having exterior walls One transverse and two longitudinal interior 
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SECTION A-A Bracing for Caisson Concrete Walls 


walls—each thick—divide each base into six cells and mutually brace one 
another and the exterior walls. 

The bases for the two pivot piers supporting the swing spans (Fig. are 
plan, the corners being rounded 12-ft radius. The other 
four bases are similar plan the pivot pier bases but are slightly smaller 


Lightweight Piers for Bridge Yorktown, Va., Built Caisson Method,” Maurice 
Quade and George Vaccaro, Civil Engineering, Vol. 21, 1951, p. 79. 
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The pier bases were designed for construction the open dredge caisson 
method. Since the tops the bases all river piers have plan elevation 
—40, the highest caisson base was 110 tall and the shortest, ft. Follower 
cofferdams high, designed the contractor, were used the construction 
the underwater parts the pier shafts. 

After caisson was sunk its final depth, the 10-ft-deep working chamber 
was filled with concrete deposited under water through tremie tubes the 
dredge wells, and the wells were filled with concrete height ft. The 
total depth seal was above the cutting edge. The dredge wells were 
then cut off below the top the caisson and 4-ft reinforced slab was poured 
the dry over the entire top the caisson. This slab closes the hollow 
base and serves, required, distribute load from the shaft the interior 
and exterior walls the base. could not anticipated the design that 
the hollow spaces the base would remain permanently filled with air. 
fore, vent pipes were placed through the top slab insure uniform flooding 
when the cofferdam was removed. Bearing pressures the soil beneath the 
base were computed accordingly. 

The shaft each pivot pier hollow cylinder with shell thick, and 
two interior cross walls, thick, mutually perpendicular. The top 
the shaft solid slab reinforced assist distributing the load from the 
center pivot the swing span. part the interior spaces above river level 
used for housing electrical transformers for power and lighting service. 
Here again, vents insure equal flooding the interior spaces below river level 
and maintain the same water level inside and outside the shaft. The shafts 
the other four river piers supporting fixed spans are solid, and rectangular 
plan. 

The exterior and interior walls the bases were designed for hydrostatic 
pressure incurred when the caisson its final depth with water the 
spaces surrounding the dredge wells. The curved sections were designed 
unsymmetrical fixed arches assuming points zero rotation the inter- 
sections with the interior walls. For this temporary condition, allowable 
working stresses 1,350 per in. for concrete and 22,000 per in. for 
steel were used. The permanent load, consisting the pressure submerged 
soil, results much lower stresses. 

Reinforcement the cutting edges and bottoms the cross walls was de- 
signed for edge support during sinking but, because the depth water and 
mud, substantial part the concrete walls was constructed before the caisson 
became nonbuoyant; hence, only comparatively small percentage steel 
needed resist bending caused edge support. The depth-span ratio 
large. Steel the cutting edges and cross walls was checked for its capacity 
resist the wedge action the sloping sides the tremie seal. 


Some the caissons were sunk through water and for design pur- 
poses, were assumed reach depth 115 before the soil became suffi- 
ciently firm support them. The necessary buoyancy was provided steel 
boxes, within which the reinforced concrete walls were constructed stages. 
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Since steel caisson reality piece construction equipment, 
usually designed the contractor. Preliminary designs soon indicated, how- 
ever, that the design and construction each pier and the design its caisson 
were inseparable problems; hence, detailed designs for the caissons were in- 
cluded the contract plans. Basie design criteria for the completed pier 
were outlined the specifications, and bidders were permitted submit pro- 
posals based alternate design for the caissons conforming those criteria. 
However, the lowest alternate bid received exceeded the lowest bid the con- 
tract plan design more than $1,600,000. 

designed, the caissons were welded throughout and were made 
continous skin plate, reinforced horizontal steel wales centers, con- 
sisting continuous 12-in. structural tees. The wales, turn, were supported 
six vertical soldier beams the planes the cross walls. The 
soldier beams were supported 12-in. wide-flange struts varying weights 
9-ft centers, braced double-angle diagonals. Since the struts and di- 
agonals are the planes the cross walls, they became embedded concrete 
the walls were poured successive lifts. Each level longitudinal and 
transverse struts offset vertically in. eliminate splicing. 

the points where the struts crossed, extra heavy pipe, in. di- 
ameter, extended from top bottom the caisson through holes the webs 
the 12-in. wide-flange struts. The pipes were welded the struts and served 
structural posts. addition, they were used for jetting during sinking and 
were extended for this purpose when the follower cofferdam was added. 

Because the interrelation between the design the completed pier, the 
caisson used build it, and the sequence construction, stresses and buoy- 
ancy conditions were computed for twenty-six separate and consecutive stages 
sinking and construction for pier 18, forexample. The results were included 
the bidding documents acquaint the bidders thoroughly with the scope 
the work and the problems involved. The stages were subsequently studied 
and modified some extent the contractor.* 

The development the design followed rather definite sequence, although 
there was much “cutting and trying” the process. After the dimensions 
the caisson and the concrete wall thicknesses were determined, some height-of- 
wall pour had assumed. This height was made such permit place- 
ment practicable volume concrete per lift; yet, during the buoyant 
stages construction (up 115-ft depth)—while the caisson was still afloat 
and its depth below the water surface could not controlled dredging— 
the weight added the caisson each lift was limited the permissible in- 
crease hydrostatic head acting those parts the steel caisson that were 
not effectively reinforced seasoned concrete. Using trial design, the 
draft, freeboard, and hydrostatic head were computed for each added incre- 
ment concrete. 

The successive stages that were studied indicated that head above 
the top seasoned concrete the exterior wall occurred frequently and that, 
after the first all the walls had been placed simultaneously, the 23-ft 


Caissons for Yorktown, Va., Bridge Sunk 150-Ft Depth Swift-flowing Tidal Water,” 
John Newell, Civil Engineering, Vol. 21, 1951, 406. 
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head would considerably exceeded during certain stages, unless the exterior 
walls were advanced ahead the interior walls separate pours. con- 
structed, the interior walls were lower than the exterior walls, times, 
and the required differential was maintained until the caisson was firmly seated 
and did not float. Within the range differential pours, the exterior walls 
were provided with keys and dowels insure effective transfer stress. 

Since the construction the interior walls lagged behind, many the 
caisson struts and soldier beams are relatively heavier because they are sub- 
jected greater hydrostatic heads than the shell plate and wales. This 
economical because most the 3,700 tons structural steel the six caissons 
the skin plate and wales. design based entirely simultaneous pours 
for all walls would substantially increase the head the skin plate and wales 
and, therefore, the quantity steel required. 

The skin plate in. thick. check the unit stress the plate, when 
computed accordance with usual structural practice, reveals that, for 
plate continuous over 3-ft supports and loaded hydrostatic head 
(nearly 1,500 per ft), the combined bending and tensile stresses the 
plate about 46,000 per in. However, generally agreed that the 
usual theoretical analysis for plates subjected this type action ex- 
ceptionally conservative, proved tests. The designers then adopted the 
method used the design steel ships for determining the required thick- 
ness rectangular plates under fluid pressure. 

Although any similarity these caissons warships coincidental, the 
method used design was that described for warships William 
Other authorities are substantial agreement. The method largely em- 
pirical and based primarily tests. The simplified applicable 
this particular problem (Fig. 4), consists the fact that, when the longer 
dimension rectangular plate supported four sides three more times 
the shorter dimension (as the case these caissons), the coefficient the 
design formula may taken unity with negligible error. 

Fig. the ordinates are plotted the ratio s/t which the length 
the short side the rectangle and the thickness the plate. The ab- 
scissas are plotted equal the equivalent head, which co- 
efficient dependent upon the ratio between the long and short sides the 
rectangle, and the actual head water. this design greater than 
and hence, the head read directly. 

Fig. curve corresponds the case which the plate reaches the 
yield point—that is, has permanent set the head indicated not ex- 
ceeded. For the particular case under study, with plate and 3-ft span 
(s/t 96), the head ft. 

Curve corresponds the case which the permanent set the plate 
about 20% the total deflection under the given head, and when the head 
exceeded the permanent set begins increase rapidly. ship design this 


“The Structural Design William Hovgaard, The Naval Inst., Annapolis, Md., 
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the curve used for the shell plating submarines and for ordinary water- 
tight bulkheads. 

The designers were not quite willing adopt curve entirely, and adopted 
23-ft head for the j-in. skin plate supported 3-ft centers, which about 


Ratio Between Breadth and Thickness Plate 


one third the distance between curves and and corresponds 
permanent set the plate and deflection about in. 

During the towing one the caissons the site, rough was 
encountered and the caisson listed. The water line was observed the time 
and was found above the concrete. This almost three times 
the head that produces yield point stresses, but there was evidence 
damage the skin plate any other part the caisson. 
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SUPERSTRUCTURE 


Each the 500-ft swing spans weighs about 1,200 tons. When the span 
motion free rotate, supported single center pivot. Lateral 
stability the span when supported provided four pairs cast steel 
balance wheels in. diameter, rolling twelve-segment cast steel circu- 
lar track 34.5 diameter. 90° spacing the pairs wheels provides 

When the span closed and ready receive highway traffic, lateral sta- 
bility the pivot pier, well live load support, provided two wedges 
(Fig. driven home separate electric motors, gear reducers, and linkages. 


MAIN 
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Structural structural behavior this double swing under 
live load somewhat complicated the fact that the shore ends the swing 
spans rest elastic supports (the cantilever ends the fixed truss spans). 
Theoretically, vehicle any point the five central spans (except point 
directly over pier) will produce stress every main truss member all five 
spans. Similarly, load applied one the end spans will stress the main 
truss members all other spans except the end span the opposite side 
the river. Practically, this little significance from the standpoint 
stresses deflections. There will slightly more vibration the structure. 
person standing the bridge might somewhat puzzled slight vi- 
bration caused vehicle that can neither see nor hear. The motorist 
happily unaware the fact that his vehicle disturbs more than 2,000 
structure. 
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Span Connections.—The elastic end supports for the swing spans present 
problems other than those involving stresses. Ordinarily, swing bridges are 
equipped with wedge end lifts insure positive dead-load and live-load re- 
action the ends the span. this double swing span, useless pro- 
vide end lifts because they would only result rotating the spans about the 
center pivots throwing objectionable load the balance wheels and causing 
the two forward arms midchannel drop. has been necessary, there- 
fore, use bascule-type shear locks provide live-load supports for the ends 
the swing spans. 


Shims 


the closed position, two large motor-operated movable lock bars (Fig. 
the shore end each swing span engage bearing slots the cantilever 
end the adjacent fixed truss span. single motor operates both lock bars 
through gear reducer which, turn, applies power pinion gear engaging 
rack the lock bar. 

similar pair locks connects the forward ends the swing spans 
where they meet the center the channel. The movable spans are thus 
securely held the closed position vertically and horizontally and are con- 
nected each other and the adjacent fixed spans. All three pairs locks 
transfer live-load shear from one part the bridge another. 

The requirements for the locking devices are unprecedented movable 
bridge design. Normal operating clearances, together with inevitable wear 


Gear Gear Cover 
Fia. 6 


a 
— 


GOS 


” 
le 
| 


YORKTOWN BRIDGE 


throughout years operation, will allow the spans tip slightly the pivot 
piers, thus causing some misalinement the lock bar and the socket that 
engages. Temperature and wind pressure will cause further misalinement 
producing horizontal and vertical warping the span itself and adjacent 
fixed spans; yet, the locks must designed not only engage under all these 
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conditions but also move and distort the swing span required lock 
securely its fully closed position. Some appreciation the magnitude 
the problem may gained from the fact that each lock bar heavy I-shaped 
alloy steel casting, in. deep, in. wide, and more than long. 
travels 4.25 locking the span. The surfaces the lock bars that are sub- 
ject wear consist detachable manganese steel plates. These plates are 


4, 
GA i 
say 


YORKTOWN BRIDGE 


hard and confine most the wear the softer carbon steel bearing plates 
the sockets. carbon bearing plates can easily adjusted and can 
easily and inexpensively replaced when necessary. 

Floor floor joints the three points where the spans separate 
also involved special problems not ordinarily encountered 
was found providing each joint both sliding section floor, that allows 
temperature and live-load movement the closed and locked position, and 
rotating section that effect lifts enough the floor provide the necessary 
clearance rotate the swing spans without interference. 

The sliding section consists longitudinal steel bars alternately attached 
one pair fixed beams and one pair sliding beams. The latter extend out- 
side the truss and are equipped with rollers that engage tapered guide arm 
which rotates with the rotating section the joint and serves centering 
device. Longitudinal movement that may occur while the span open will 
adjusted the centering device during the closing operation since en- 
gaging the rollers the sliding beams will move the sliding section re- 
quired. 

The rotating section operated the lock machinery and moves with 
the lock bars, thus eliminating additional step the operation the 
bridge. 

Superstructure rotational stops against the fixed spans 
are provided for alining the spans the closed position, thus insuring exact 
lateral alinement for the lock bars and floor joints. Air buffers located the 
ends cantilever arms and mounted vertically (like those vertical lift 
bridge) cushion the spans closing through the action mechanism that 
applies the horizontal energy the span the vertical movement the 
buffer. 

Since the dead loads the swing spans are not entirely symmetrical, small, 
permanent concrete counterweights are added the swing spans and are 
located that both longitudinal and transverse unbalances are corrected. This 
may seem first unnecessary refinement but this bridge de- 
sirable that the center pivot-bearing carry all the dead load. The adjustment 
the balance wheels, locks, and floor joint mechanisms much easier and more 
effective the span has tendency tip because unbalance. 

Operation the Swing Spans.—Each span driven three 20-hp electric 
motors acting through gear trains main pinion gears engaging circular gear 
rack cast integrally with the track for the balance wheels and securely bolted 
and keyed the top the pier. necessary, any two the motors can 
operate the bridge under all coaditions overload that permissible for 
short temporary periods. brakes are provided suffi- 
cient number and size stop the span hold any open position. 

Normally, each span will operated electric power furnished through 
submarine cable transformers located the south pivot pier. From this 
point, the power distributed required throughout the bridge. emer- 
gency power source maintained the form gasoline engine-generator set 
located enclosed machinery room below the bridge deck the south 
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pivot pier. This standby source will supply sufficient emergency power for the 
complete operation both spans. 

prevent highway traffic from entering the open draw, traffic light, 
warning gong, and warning gate are placed 280 from the shore end each 
swing span. barrier gate heavier construction located 140 either 
side the open draw. All gates are operated electric motors. 

Normally, the bridge controlled only one operator. order that 
may have unobstructed and clear view both the bridge roadway and 
the river, the operator’s house has been placed clear height above 
the roadway the south pivot pier. This house consists single room with 
adequate windows for vision all directions. contains the switchboards 
and control desk from which every motor, brake, light, signal for the 
operation the bridge may controlled. 

The movable spans are fully equipped with all safety devices, including 
complete interlocking sequence the various steps opening and closing the 
spans. Perhaps the only unusual feature the control the built-in device 
for operating the spans singly and proper sequence for the first rota- 
tion opening, and the last rotation closing, the spans. all other 
positions, the spans move simultaneously. 

There attendant the north swing span and, unlike most movable 
spans, inaccessible except water the open position. contactor 
should stick, some other trouble should develop that span, the operator 
who located the south span has ready, for his use when needed, non- 
sinkable aluminum rowboat swung from mounted platform near 
river level the south pivot pier. 


CONCLUSION 


The final layout this bridge not the most economical nor the most de- 
sirable from several points view. Circumstances compelled consideration 
other factors addition economy and engineering. The design the 
hollow, lightweight piers and their caissons would have been part the en- 
gineering for any crossing involving piers the river. Those design problems 
that had solved connection with the 500-ft swing spans are unique 
this layout. 
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